###### Strengths and limitations of this study

-   This randomised controlled trial will evaluate the effect of a single preoperative dose of methylprednisolone on the incidence of postoperative complications and other patient-important outcomes instead of surrogate outcome measures.

-   Surgical team members, participants, and outcome assessors will be blinded to study allocation status.

-   This is a single-centre study.

Introduction {#s1}
============

The acute-phase response, first described in 1930,[@R1] constitutes the pathophysiological reaction to tissue injury. This response begins locally through upregulation of a complex network of cytokines, and then generalises to the systemic level, likely through the combined actions of interleukin-1 (IL-1), tumour necrosis factor-α (TNF-α) and IL-6.[@R2] Of these three cytokines, IL-6 has consistently been reported to correlate with the magnitude of tissue injury and expected systemic inflammatory response. This cytokine stimulates expression of hepatic acute phase proteins and release of anti-inflammatory mediators, including IL-10,[@R6] and adrenal cortex steroids. After surgery, IL-6 represents a reliable marker of the extent of surgical trauma[@R7] and an independent predictor of postoperative morbidity.[@R11] [@R12]

The magnitude of the acute phase response to elective liver resection is not particularly greater than that after other complex abdominal surgeries.[@R13] However, greater morbidity seems to result from the systemic inflammatory response associated with postoperative liver dysfunction.[@R14] [@R15] For instance, prolonged use of vascular clamping techniques during liver transection is associated with heightened systemic inflammation,[@R16] ischaemic liver injury and liver dysfunction.[@R17] The resultant insufficient hepatic synthesis of acute phase proteins and coagulation factors may result in impaired immune defence against bacterial infections[@R18] and an increased risk for postoperative bleeding.

Glucocorticoids are potent anti-inflammatory drugs that modulate expression of both inflammatory and anti-inflammatory genes.[@R19] Over the last decade, randomised controlled trials (RCTs) testing preoperative administration of glucocorticoids in patients undergoing liver resection have demonstrated favourable postoperative changes in laboratory markers of systemic inflammation, including IL-6, IL-10, TNF-α, C reactive protein (CRP), and liver enzymes and function tests,[@R20] such as aspartate amine transferase (AST), alanine amine transferase (ALT), prothrombin time (PT) and total bilirubin. To date, no increased risk for infection has been associated with preoperative use of glucocorticoids in this population.[@R23] Direct negative effects of glucocorticoids on liver regeneration were also not demonstrated after liver resection in a study with rats.[@R24]

Although the above studies have demonstrated that preoperative glucocorticoids may improve surrogate outcomes among patients undergoing major liver resection, evidence supporting improved postoperative patient-important outcomes is lacking. A recent systematic review of randomised clinical trials, which included five studies that enrolled a total of 379 patients, was unable to demonstrate a significant difference in hospital length of stay or postoperative morbidity between glucocorticoid and control groups.[@R25] However, this study was limited by the low number of RCTs, small sample sizes and considerable clinical heterogeneity between the included studies.

Objective {#s1a}
---------

The objective of this RCT is to determine the efficacy of a single preoperative dose of methylprednisolone for reducing the incidence of postoperative complications in adult patients undergoing major liver resection.

Methods and analysis {#s2}
====================

Overview {#s2a}
--------

This will be a single-centre, parallel-group RCT. We will randomly allocate adult patients to receive either an intravenous single dose of methylprednisolone (500 mg) or placebo (saline) during induction of anaesthesia for major elective liver resection. We hypothesise superiority of the intervention for reducing the incidence of postoperative complications.

Study setting {#s2b}
-------------

This trial will be set at the Foothills Medical Centre (FMC) in Calgary, Alberta, Canada. The FMC is a University of Calgary-affiliated tertiary care centre, which performs approximately 200 liver resections in-house per year. This hospital offers a fellowship training programme in hepatobiliary surgery recognised by the Americas Hepato-Pancreato-Biliary Association (AHPBA), and is staffed by four fellowship-trained HPB surgeons, all of whom will participate in the study.

Patient population and eligibility criteria {#s2c}
-------------------------------------------

The population will consist of all consecutive adult patients at the FMC who consent to undergo elective major liver resection, defined as planned resection of three or more liver segments. Indications for surgery will include both primary and secondary hepatic malignancies and benign liver pathologies. Patients aged \<18 years and currently receiving systemic therapy with glucocorticoids or unable to provide informed consent will be excluded from the study. Combined biliary reconstruction, vascular reconstruction and other simultaneous extrahepatic procedures do not constitute exclusion criteria.

Recruitment {#s2d}
-----------

All adult patients scheduled to undergo elective liver resection at the FMC will be assessed for enrolment at least 2 weeks before surgery. Eligible patients will be contacted by telephone and those who are interested in participating will be sent a copy of the consent form by mail. A trained research assistant will inform patients about the voluntary nature of participation in the trial, and the involved risks and benefits. Signed consent forms will be returned by mail or in person on the day of surgery.

Randomisation, allocation concealment and blinding {#s2e}
--------------------------------------------------

Once consent is provided, participants will be assigned by the research assistant to either the experimental or control group according to a random allocation sequence. An online random list generator will be utilised to perform blocked randomisation in a 1:1 ratio. Block size will not be disclosed to preserve allocation concealment.

The anaesthetist will receive an opaque sealed envelope containing the patient allocation status and assigned medication immediately before induction of anaesthesia. The medication container, total volume to be infused and technique of administration will be the same for active and control treatments.

Participants, outcome assessors, surgical team members, care providers (except the anaesthesiologist) and data analyst will be blinded to study allocation status.

Intervention {#s2f}
------------

During induction of anaesthesia, the intervention will be administered as a 500 mg single dose of methylprednisolone (Solu-Medrol, Methylprednisolone Sodium Succinate for Injection USP, Pfizer) over 15--20 min.

Surgical conduct during and after liver resection {#s2g}
-------------------------------------------------

Perioperative care, including use of epidural analgesia (during and after surgery), antibiotic prophylaxis, type of incision, use of hepatic pedicle clamping (technique and duration), transfusion of blood components, use of drains and prophylaxis for deep venous thrombosis will be provided to both intervention groups at the discretion of the attending surgeon.

Data collection {#s2h}
---------------

A research assistant will collect data elements from patient medical records, including:

Demographic data: Date of birth;Gender;Preoperative diagnosis;Previous treatments;Comorbid conditions;Baseline laboratory tests: AST, ALT, PT, CRP, albumin, total bilirubin and fractions;The American Society of Anesthesiologists' (ASA) classification for preoperative health assessment of surgical patients.[@R26]

Operative information: Use and scheme of perioperative antibiotic prophylaxis;Use of epidural anaesthesia;Type of incision;Participation of fellow, resident or medical student/clinical clerk in the surgical team;Extent of liver resection;Types of concomitant extrahepatic surgery;Use of hepatic pedicle clamping (technique and duration);Use of surgical drains;Estimated blood loss;Transfusion of blood products (packed red blood cells, platelets, fresh frozen plasma, albumin) and number of units;Volume of intravenous crystalloid infusion;Duration of surgery (defined as the number of hours between skin incision and closure of skin).

### Postoperative complications {#s2h1}

An independent board-certified general surgeon will be the outcome assessor. He will be instructed about diagnostic criteria for specific postoperative complications in this trial. In conjunction with the surgical team, the outcome assessor will evaluate all participants on a daily basis during hospitalisation. On hospital discharge, all patients will receive orientation about signs and symptoms of complications, and will be encouraged to contact their surgeon\'s office in case of any concerns related to postoperative recovery.

After hospital discharge, participants will be assessed for postoperative complications in the outpatient clinic approximately 30 and 90 days after surgery. Outcome assessor and the surgical team will be blinded to the study allocation status of participants.

Diagnostic criteria for specific postoperative complications: Liver failure: defined according to the International Study Group of Liver Surgery criteria.[@R27]Ascites: confirmed by imaging, and if symptomatic or requiring paracentesis.Intra-abdominal fluid collection: confirmed by imaging, and if symptomatic or requiring percutaneous or surgical drainage.Infected intra-abdominal fluid collection: further defined by turbid output through surgical or percutaneous drain and need for antibiotic therapy.Bile leak: any evidence of bile output through the surgical drain or following postoperative percutaneous drainage.Haemorrhage: if requiring reoperation, radiological or endoscopic intervention; information on postoperative transfusion of blood products (type and number of units) will also be collected.Pleural effusion: if symptomatic or requiring thoracocentesis or drainage.Pulmonary embolism: confirmed by V/Q scan or CT.Deep venous thrombosis: confirmed by Doppler-ultrasonography or cross-sectional imaging.Renal failure: if requiring dialysis.Arrhythmias: any change in cardiac sinus rhythm prompting specific medical intervention or patient transfer to a monitored bed.All cases of acute myocardial infarction, cerebrovascular accident or transient ischaemic attack, as diagnosed by appropriate medical specialist.Other infectious complications (pneumonia, urinary tract infection (UTI), bloodstream infection and surgical site infection): defined by the Centers for Disease Control and Prevention diagnostic criteria.[@R28]Other: any unlisted postoperative complications requiring specific medical treatment, radiological intervention or reoperation.

Laboratory analyses {#s2i}
-------------------

During induction of anaesthesia, 12 mL of blood will be drawn via venipuncture into a BD Vacutainer Blood Collection Tube (Bencton, Dickinson and Company) with clot activator gel. Blood samples will be spun within 15 min at 700×g at room temperature. Plasma will be aliquoted from each sample and stored at −80°C until analysis. Stability for up to 2 years is demonstrated for cytokines stored under this temperature.[@R32] Additional blood samples will be collected on postoperative days 1, 2 and 5 following the same procedure, for serial postoperative laboratorial evaluation.

Cytokine concentration will be determined in all plasma samples using Bio-Plex Pro^T^ Human Cytokine 8-Plex Assay (Bio-Rad Laboratories) and Luminex MAGPIX technology. Luminex offers multiplexed cytokine measurements based on colour-coded magnetic microspheres with comparable sensitivity to traditional enzyme-linked immunoassay-based systems. MAGPIX platform combines utilisation of light-emitting diodes to illuminate all beads at once, and a digital camera to capture several images for analysis. Higher throughput, a smaller amount of fluid requirement and reduced costs have been reported.[@R33]

Preoperative values of laboratory liver tests (AST, ALT, PT/international normalised ratio (INR) and total bilirubin) and CRP performed within the last month before surgery will be used as baseline values (postoperative day 0). Additional blood samples will be collected on postoperative days 1, 2 and 5 for serial laboratory evaluation.

Study outcomes {#s2j}
--------------

Primary outcome measure: Incidence of postoperative complications within the 90-day period after liver resection.

Secondary outcomes: Hospital length of stay after elective liver resection.Ninety-day postoperative mortality; percentage of deaths among all participants within the 90-day period after liver resection.Incidence of specific postoperative complications within the 90-day period after liver resection.Blood level of select inflammation-associated cytokines (IL-6, TNF-α and IL-10) during induction anaesthesia, and on postoperative days 1, 2 and 5.Blood level of C reactive protein, liver enzymes and function tests (AST, ALT, PT/INR and total bilirubin) at baseline (preoperative evaluation), and on postoperative days 1, 2 and 5.

Statistical methods {#s2k}
-------------------

### Sample size calculation {#s2k1}

Considering the incidence of postoperative morbidity of 37.8% in the control group and 13.9% in the steroid group,[@R23] and an estimated dropout rate of approximately 20%, 75 participants will be required in each study arm to achieve statistical power (superiority trial) of 80% with an α level of 5%. Considering the current volume of major liver resections at FMC, data collection is expected to be completed in a 24-month period.

Participants with an intraoperative finding of additional hepatic or extrahepatic disease precluding liver resection will be excluded from outcome analysis. Data from all other randomised participants will undergo an intention-to-treat analysis.

### Descriptive statistics {#s2k2}

Continuous variables will be summarised using means and SDs (normally distributed data), or medians and ranges (non-normally distributed data). We will summarise categorical data using counts, proportions and risk ratios with 95% CIs.

### Planned outcome analysis {#s2k3}

Primary outcome: The incidence of overall postoperative complications will be compared using Fisher\'s exact test.

Secondary outcomes: Hospital length of stay: expected positively skewed frequency distribution of data will be evaluated in histograms, and summary measures of median and IQR will be reported for each study group. Hypothesised reduction in hospital length of stay in favour of the steroid group will be evaluated using Mann-Whitney U test.Comparison of 90-day postoperative mortality between study groups will be performed using Fisher\'s exact test.Incidence of specific complications will be reported as counts and percentage of 90-day overall morbidity for each study group. Fisher\'s exact test will be utilised to compare percentage of specific complications between study groups. Considering the expected low number of events for each specific complication, comparison of all infectious complications (surgical site infection, infected intra-abdominal fluid collection, pneumonia, UTI and blood stream infection) between study groups will also be performed.We will compare the results of laboratory tests (IL-6, IL-10, TNF-α, AST, ALT, PT and total bilirubin) over time using mixed-effects models with a subject-specific random intercept.[@R34] [@R35] Model covariates will include the intervention group, time postrandomisation, and an interaction term between intervention group and time postrandomisation. These models are a validated method for analysing clustered data over time, and can better handle missing data than the alternate methods (such as generalised estimating equations).[@R36] [@R37]

We hypothesise superiority of glucocorticoid compared with standard of care in reducing the incidence of postoperative complications and we will use statistical hypothesis test to investigate the evidence for this. We will only utilise two-tailed tests, and significance level will be set at p value \<0.05. All statistical analyses will be conducted using Stata/SE V.12.0 (Stata Corp LP, College Station, Texas, USA) and R V.3.0.1 (available at <http://www.r-project.org/>).

Discussion {#s3}
==========

This clinical trial will build on the rationale already established by previous studies, replicating a reportedly safe administration scheme for the intervention and aiming to further evaluate the effect on the incidence of postoperative complications as the main outcome measure.

Defining the expected beneficial effect in this term represents a fundamental step to translate the pathophysiology knowledge accumulated over the last decade into current routine clinical practice.

Ethics and dissemination {#s3a}
------------------------

### Research ethics approval {#s3a1}

This study has received approval from the Conjoint Health Research Ethics Board (REB13-0294) at the University of Calgary. The study protocol, informed consent form and other submitted documents were reviewed and approved.

### Confidentiality {#s3a2}

On recruitment, the research assistant will give a unique scrambled study number to each participant. Only the study number will be used to identify participants. Data collection sheets and any printout of electronic files will be kept in a locked filing cabinet in a secure office with limited access. The master list of participants and informed consent forms will be securely stored separately from de-identified participant records. All digital files will be password protected and stored in a firewall-protected secure environment.

### Dissemination policy {#s3a3}

Final results will be publicly disseminated regardless of the magnitude or direction of the intervention effect on study outcomes. A report releasing study results will be submitted for publication in an appropriate journal, approximately 3 months after finishing data collection.
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